A canonical two country-two good model with standard preferences does not address three classic international macroeconomic puzzles as well as two well-known asset pricing puzzles. Specifically, under financial autarky, it does not account for the high real exchange rate (RER) volatility relative to consumption volatility (RER volatility puzzle), the negative RER-consumption differentials correlation (Backus-Smith anomaly), the relatively low crosscountry consumption correlation (consumption correlation puzzle), the low risk-free rate (risk-free rate puzzle) and the high equity risk premium (equity premium puzzle) in the data. In this paper, we show that instead a two country-two good model with recursive preferences, international complete markets and correlated long-run innovations can address all five puzzles for a relatively large range of parameter values, specifically in the case of the US and China. Therefore, in contrast to other IBC models, its performance does not rely on any financial market imperfections.
Introduction
The international business cycle (IBC) literature of the last 20 years points out that the risk-sharing predictions of standard IBC models with complete markets do not match cross-country movements in consumption. Early studies show that a standard IBC model with complete markets encounters difficulties in matching international consumption and asset pricing data (Backus et al., 1994 (Backus et al., , 1995 . In particular, it tends to produce international asset prices that are less volatile than the actual series. Even under a financial autarky regime, the level of international risk sharing generated by the model is unrealistically high. It turns out that the correlation between the RER and consumption differentials (Backus and Smith's (1993) correlation) is close to unity. In addition, in a scenario characterized by low RER volatility and high degrees of international risk-sharing the domestic and foreign consumption growth rates are highly correlated.
In a seminal contribution, Lewis (1996) suggests that high degrees of international risk-sharing might be generated by the non-separability of tradable and nontradable goods in the utility function employed in the model as well as by the presence of international complete markets (i.e. full risk-sharing). He concludes that both capital market restrictions and non-separability are required to explain the lack of international risk-sharing observed in the data. Overall, the international risk sharing mechanism embodied in this class of models gives rise at least to three international macroeconomic puzzles: i) the high volatility of the RER relative to the volatility of consumption (real exchange-rate volatility puzzle); ii) the negative correlation between RER and consumption differentials (Backus and Smith puzzle); iii) the low correlation of consumption growth across countries (consumption correlation puzzle). 1 In addition, standard IBC models with complete markets and standard preferences do not address the equity premium puzzle, EPP, (Mehra and Prescott, 1985; Mehra, 2003) and the risk-free rate puzzle (Weil, 1989) .
The international risk-sharing mechanism present in these models and its implications for the resolution of the various international macroeconomic and asset pricing puzzles have received considerable attention in the IBC literature, much of it addressing individual anomalies (Benigno and Thoenissen, 2008; Corsetti et al., 2008; Kollman, 2012; Hamano, 2013) . Relatively little research, however, has focused on the joint resolution of these puzzles (Bodenstein, 2008; Colacito and Croce, 2013) . Benigno and Thoenissen (2008) develop a standard IBC model with nontraded goods and incomplete markets. They show that under strong complementary between domestic and foreign tradables the model addresses the Backus-Smith puzzle. Similarly, Corsetti et al. (2008) argue that international financial markets are not developed enough to generate full risk sharing and show that standard IBC models with incomplete markets account for the Backus-Smith correlation. In particular, if there is a high level of complementary between exported and imported goods, then the model produces substantial movements in the RER as well as a negative correlation between the RER and relative consumption, and reduces the correlation between domestic and foreign consumption. However, these results are not robust to the introduction of a second trade asset (Benigno and Kukuc-Tuger, 2010) . Kollman (2012) shows that the Backus-Smith anomaly can be explained by a simple IBC model in which a fraction of households cannot participate in the trading activity. Bodenstein (2008) develops a two country model with complete asset markets and limited enforcement for international financial contracts where the ability to share risk depends on the degree of patience of the agents. He shows that, if agents are sufficiently impatient (i.e. markets are incomplete), the model addresses the RER volatility puzzle, the Backus-Smith puzzle and the consumption correlation puzzle simultaneously. Following Corsetti et al. (2008) , Thoenissen (2011) shows that a standard IBC model with incomplete markets is able to solve the RER volatility puzzle, the RER persistence puzzle and the Backus-Smith anomaly. However, the success of the model heavily depends on the choice of the elasticity of substitution between domestic and foreign produced goods. In particular, the range of elasticity values that allows the model to address the macro-puzzles is very narrow. In line with these IBC studies, Hamano (2013) shows that market incompleteness (i.e. a partial risk-sharing environment) is crucial for the resolution of the consumption-real exchange rate anomaly.
There is an extensive debate in the literature on whether or not "financial autarky" and "one-bond world" regimes represent realistic financial environments and the international risk sharing mechanism is efficient. On the one hand, numerous international finance studies show that both developed and emerging capital markets have become largely integrated over the last two decades (Pukthuanthong and Roll, 2009; Bekaert et al., 2011; Volosovyvh, 2011; Donadelli, 2013: Ma and Mc-Cauley, 2013 ; among others). For example, Fitzgerald (2012) finds that financial risk-sharing among developed countries is nearly optimal. A higher degree of financial integration improves household consumption smoothing, that is, the consumers' ability to hedge against good or bad news (Jappelli and Pistaferri, 2011) . On the other hand, some theoretical studies argue that a "financial autarky" regime or a "one-bond world" do not represent realistic financial environments. Heathcote and Perri (2002) conclude that an efficient international trading activity environment (i.e. international borrowing and lending opportunities) is important for the IBC.
Kollman (2012) points out that international capital markets allow for an almost frictionless trading activity in a large variety of securities (e.g. equities, futures, options, CDS, bonds). Crucini (1999) and Santos Monteiro (2008) argue that standard incomplete markets models are problematic in that they are characterised by limited consumption risk-sharing both at the domestic and international level.
The aim of the present paper is to compare the international macroeconomic quantities and prices produced by an IBC model under a financial autarky regime with those produced by a model with international complete markets. In other words, we ask the question whether a limited international risk sharing environment is necessary to solve simultaneously the three classic international macroeconomic puzzles described in Bodenstein (2008) . Our analysis is conducted by using a recently developed two country-two good model with recursive preferences, highly correlated long-run shocks and frictionless markets (Colacito and Croce, 2010) . In our setup, capital markets are complete both domestically and internationally, and agents have preference for domestic goods. The choice of this model is due to several reasons: it reflects a period of increasing financial integration by assuming international complete markets, it can capture both the first and second moments of asset pricing, it accounts for consumption home bias, and it embodies a novel risk-sharing mechanism which does not rely on any financial market imperfections.
Our paper extends the IBC analysis on international risk-sharing in two main directions. First, we focus on US-China data over two different periods: i) the financial autarky regime which runs from 1972 to 1991 (when the stock market was first liberalised in China); ii) international complete markets from 1992 to 2009. Second, in the spirit of Bodenstein (2008) , we aim to address the RER volatility puzzle, the Backus-Smith puzzle and the low consumption correlation puzzle simultaneously.
We show that the employed two country-two good model with recursive preferences, long-run risk and complete markets can address the puzzles simultaneously even if there are no financial market imperfections. Third, we examine the robustness of the model and show that the results stand for a relatively large range of parameter values. In particular, changes in the RRA, IES, consumption home bias parameter and cross-country long-run shocks correlation do not alter the RER-consumption volatility ratio, the Backus-Smith correlation and the cross-country consumption growth correlation.
Our work is closely related to that of Bodenstein (2008) , who focuses on the simultaneous resolution of the RER volatility, Backus-Smith and consumption correlation puzzles by employing an endowment economy. However, in contrast to Bodestein (2008), our setup does not require an inefficient risk-sharing environment (i.e. sufficiently impatient agents). In addition, it accounts for the relatively low risk-free rate and high equity risk premium (ERP) in the data. Overall, we show that a two country-two good model with recursive preferences, complete and frictionless markets, consumption home bias and correlated long-run shock accounts for three important international macroeconomics anomalies as well as two well known asset pricing puzzles. We stress that its performance is not affected much by changes in the parameter values.
The rest of the paper is organized as follows. Section 2 presents some stylized facts for China and the US. Section 3 outlines the model. Section 4 discusses the results. Section 5 concludes. . 5 The current account-GDP ratio follows a similar dynamics. 6 A similar results is obtained by Colacito and Croce (2013) on US-UK data. 
US-China stylized facts

The model: A Review
A. Consumption aggregate.
The economy comprised two countries, home (H) and foreign (F ), and two goods G h and G f . The home (foreign) country is endowed with good G H (G F ). The agents' preferences are defined over a consumption aggregate of good G H and good
where C h,t (C f,t ) is the consumption aggregate in the home (foreign) country, g h h,t (g f h,t ) and g h f,t (g f f,t ) denote the consumption of good G h and good G f in the home (foreign) country at time t, and α ∈ (0, 1) represents the home bias parameter.
B. Preferences.
B.1 Standard preferences
In the first part of our analysis preferences are represented by the power utility function. Formally,
where γ is the RRA coefficient.
B.2 Recursive preferences
Recursive Epstein and Zin (1989) preferences are as follows
where 0 < δ < 1 is the subjective discount factor and δ −1 − 1 the rate of time preference, γ > 0 is the risk aversion parameter, θ = 1−γ 1−1/ψ , and ψ is the intertemporal elasticity of substitution. In this setup, agents care about future uncertainty
B. Endowments.
Endowments are cointegrated processes and embody a long-run risk component.
Formally,
where µ is the long-run endowment growth rate, τ ∈ (0, 1) denotes the co-integration parameter, ω h,t and ω f,t are highly persistent AR(1) processes, SR h,t and SR f,t are shortrun shocks, and LR h,t and LR f,t are long-run shocks. Shocks are distributed as follows
where Ξ is the shock vector and Ω is the variance-covariance matrix of the crosscountry short-and long-run shocks.
C. Capital market structure and optimal allocations.
C.1 Financial Autarky
As suggested by Cole and Obstfeld (1991), in a financial autarky regime trade in the goods market takes place and it must be balanced in every period. Formally, the budget constraint for the home and foreign country is
Under financial autarky agents cannot trade securities internationally. In practice, markets are complete only domestically. Therefore, there is no room for international consumption smoothing. This capital market structure gives rise to the following optimal allocation
In this setup, the real exchange rate is simply represented by the home-bias adjusted current relatively supply of the home and foreign goods. Formally,
C.2 Complete markets
In order to emphasize that the resolution of the puzzles does not rely on any financial market imperfections, we consider also complete and frictionless markets Under market completeness the following home and foreign budget constraints holds:
where p t is the price of good G f,t in terms of good G h,t , A h,t (s t ) (A f,t (s t )) denotes the claim of country home (foreign) to time t consumption of good G h,t , and P t+1 is the state-contingent price (i.e. the price of one unit of t + 1 consumption contingent on the realization of s t+1 at time t + 1). In equilibrium, the following holds:
. The efficient allocation is the solution of a planner's problem choosing a sequence
subject to the following feasibility constraints:
where W h and W f are the date t = 0 non-negative Pareto weights attached to the consumer by the planner. By assuming S t = W h,t /W f,t , the first order conditions of the social planning problem give rise to the following Pareto optimal allocation 7 g h h,t = αG h,t 1 + 
E. The stochastic discount factor. 7 For details, see Croce and Colacito (2013) .
E.1 Standard preferences
CRRA preferences imply the following stochastic discount factor
for the home and foreign country, respectively.
E.2 Recursive preferences
As shown in Epstein and Zin (1989) , the stochastic discount factor in the home and foreign country takes the following form
Calibration and results
Recent IBC studies argue that international consumption and financial risk shar- is not necessary to address the three classic international macroeconomic puzzles.
In this setup, we also address domestic asset pricing puzzles. However, if agent's preferences are represented by power utility, the presence of complete markets only allows for the resolution of the RER volatility puzzle.
Benchmark calibration
The calibration of the endowment processes' components (i.e. τ , σ SR , σ LR , Because RRA is greater than the reciprocal of IES, the ERP is driven not only by covariances of equity returns with current consumption, as in the classic power-utility model of Mehra and Prescott (1985) , but also by the covariances of equity returns with expected future consumption growth (Restoy and Weil, 2011 
Standard preferences
It is well known that in presence of complete markets and a power utility function, the ratio of domestic and foreign consumption determines the real exchange rate between two countries. It turns out that the correlation between consumption differentials and the real exchange rate equals unity. In addition, market completeness tends to produce a high degree of co-movement between domestic and foreign consumption growth rates. As a result, the real exchange rate rarely moves. Standard IBC models, by assuming complete and frictionless domestic asset markets and standard preferences, do not account also for all the domestic asset pricing puzzles.
In practice, a model with standard preferences, frictionless and complete domestic markets does not solve the risk-free rate and the EPP puzzles. The results of canonical IBC models are partially confirmed in Table 2 , which reports data from the US and China for the pre-and post-liberalisations periods along with the results for the benchmark calibration for two different capital market structures (i.e. financial autarky and complete markets), both in the presence and absence of long-run risk.
As discussed in section 2, we find that the RER volatility is higher and the RERconsumption differentials correlation becomes negative in the post-liberalizations period. Under both international capital markets regimes the model with power utility generates a close to zero ERP and an extremely high risk-free rate (Mehra, 2003) . The values in Table 2 
Recursive preferences
As is well known, recursive preferences allow to separate the RRA parameter from the IES. Such separability is a necessary condition to match asset pricing data (Bansal and Yaron, 2004; Croce, 2012; Pancrazi, 2013) . Table 3 On the one hand, similarly to the economy with standard preferences, under financial autarky the RER volatility-consumption volatility ratio is close to one whereas in the data it is close to five. In addition, the correlation between the RER and consumption differential equals unity both in the model with and without long-run risk. Under financial autarky resources do not flow from the low-marginal utility country to the high-marginal utility one for consumption smoothing purposes.
In practice, following positive long-run news regarding the supply of the domestic goods, agents in the home country have no access to international financial markets in order to buy insurance assets, and, therefore, give up part of their resources. This implies that, under financial autarky, foreign consumption does not move from t + 1 onward and domestic consumption moves symmetrically with the RER (see Figure   2 ). On the other hand, in contrast to the economy with standard preferences, the model produces a sizable ERP and a relatively low risk-free rate (consistent with asset pricing data). The inclusion of complete markets in the model without long-run risk only affects the RER volatility which is more than five times the consumption volatility (consistently with post-liberalization data). By contrast, the novel risk sharing mechanism embodied in the two country-two good model with recursive preferences and complete markets produces endogenous time variation in the distribution of consumption and currency risk across countries. Therefore, the combination of recursive preferences, complete and frictionless markets, and long-run risk can simultaneously address the three international macroeconomic puzzles as well as the risk-free rate puzzle and the EPP. In this environment, risk-sharing takes place through imports and exports. In other words, endowments flow from the low-marginal utility country to the high-marginal utility one. For example, following positive long-run news on the supply of the domestic good, there is long-lasting impact on the domestic marginal utility. This implies that domestic agents will steadily decrease their share of world consumption (via exports) from time t + 1 onward (as long-run news does not affect current consumption). It turns out that domestic consumption decreases and foreign consumption increases. Because of the excess supply of the domestic good, the RER depreciates.
The last two effects are key to replicate the Backus-Smith anomaly. This is clear
from Figure 3 , which shows the impulse response functions of endowment, share of world consumption, RER and domestic and foreign consumption following long-run news on the supply of the home good. The relatively high RRA and IES values imply that agents are risk-averse. This means that they are willing to exchange part of their current resources for an insurance against variations in future utility.
Therefore, in the presence of long-run news, domestic agents will reduce their share of world consumption to buy insurance assets in the financial markets. This mechanism generates a substantial amount of pressure on the currency and significantly affects asset prices. It turns out that the model with recursive preferences, complete markets and long-run risk produces a relatively high ERP, a relatively low risk-free rate and a relatively high RER volatility (see last column of Table 3 ). 10 Table 4 reports sensitivity results for the RRA (first column), γ, the intertemporal elasticity of substitution (second column), ψ, consumption home bias (third column), α, cross-country long-run shock correlation (fourth column), ρ LR h LR f , and the subjective discount factor (fifth column), δ. The last column of Table 4 reports the empirical moments for the post-liberalizations period (consistent with an international complete markets regime). The real exchange-rate volatility, the crosscountry consumption growth correlation and the Backus-Smith anomaly are weakly affected by different RRA and IES values. The subjective discount factor, the coefficient of risk aversion and the intertemporal elasticity of substitution represent risk-sharing based parameters. In practice, they control agent's willingness to share risk. This implies that changes in these parameters tend to affect mainly the agents' utility function but leave the set of feasible allocations unchanged. In other words, different values of β, γ and ψ alter the ERP and the risk-free rate. As is standard in the long-run risk literature (Bansal and Yaron, 2004; Pancrazi, 2013 ), a higher RRA or IES produces a higher ERP as well as a higher RER volatility-consumption volatility ratio. The explanation is straightforward. With higher RRA or IES values, agents become more risk averse to consumption and utility risk and their willingness to buy insurance assets (for consumption smoothing) increases. Therefore, asset prices change and the currency becomes much more volatile.
A sensitivity analysis
By assuming sufficiently impatient agents (i.e. δ = 0.96), the model is still able to produce a high RER volatility, a negative correlation between RER and consumption differentials, and a relatively low cross-country consumption correlation.
These results are in line with those of Bodenstein (2008 volatility-consumption volatility ratio close to one, a higher cross-country consumption correlation, and the correlation between RER and relative consumption is equal to one. As in Bodenstein (2008) , we find that a lower degree of economic integration (i.e lower consumption home bias -α closer to 0.5), leads to a decrease in the RER volatility, and to a higher (negative) correlation between the RER and consumption differentials compared to the benchmark calibration.
Overall, the entries in Table 4 suggest that the parameter spaces of γ, ψ, α, produces a negative correlation between consumption growth rates, but still address the RER volatility and the Backus-Smith puzzle as well as the domestic asset pricing puzzles. It is noteworthy that it produces a negative correlation rather than a correlation close to unity (as in standard IBC models). Therefore, in our opinion, it "partially fails". This is in line with international consumption data over specific periods (see Figure 1 , bottom-right panel). In addition, if the correlation between domestic and foreign long-run shocks ranges from 0.9 (benchmark calibration) to 0.76, the performance of the model is not affected, that is, it still solves the five puzzles simultaneously. This is clear from Figure 4 
Concluding remarks
Early IBC studies show that a standard IBC model with complete markets does not account for the relatively high RER volatility, the negative correlation between RER and consumption differentials and the low cross-country consumption correlation in the data. They argue that such failure is due to the fact that market completeness produces an unrealistically high level of risk-sharing. Therefore, recent IBC studies argue that a lower degree of international risk-sharing represents a necessary condition to solve international macroeconomic puzzles. They rely on international complete markets regimes or financial market imperfections.
This paper compares the international quantities and prices generated under financial autarky (with standard and recursive preferences) with those under international complete markets (with standard and recursive preferences). The analysis is developed by using a two country-two good model with frictionless markets, highly 
